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Trail DegradationAlong The Pat Sin Range: An Example of

Environmental GeomorphologY
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t Departntnl oJ Forestry, Vrginia Polytechnic Instittlte aud State Universitt, \trginia' USA
: Deportnent oJ Ceogro.phl. The Chinese University of Hong Kong, Shatin' NT Hong Kong

Abstract

Tt)is study investigated re cxtent, forms and envirormental relatioDships of trail degradatio|
along the Pat Sin Range in the New Territories of Hong Kong. Results showed $at tlle trail waJ
in good condirion except for a few localiries. There were significalt poositive relationships
between slope gradient and different degradation measures, tbough the srengri of *rese rela-
rionships varied greatly between volcaric ar)d sedimentary parent rocks. IInplications fbr counr),
park alrd trail maragement are discussed in light of t.llese researcit filtdings.
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Introduction
The earth sciences are pertinent to many as-

pec6 ofenvironmental management and perhaps this
is no lvhere b€tter illustrated t-har in Hong Kong.
Within the urban context, engineering geology, land
planning, slope stability, undergrouud construclions
and waste lranagement are a few of Ure uuDy areai
witllin which eardl scientis6 have plaved major roles.
Ho*,evet dle discipline can also mntdbute to the man-
ogement of lhe surrounding non-urban countryside.
Iodeed one of the neglected applications of earti sci-
enccs ir enviromental malagement bas beelr the
maragement of coulltry parks in the Territory.

Unibrunately, high visiation rates to Hong
Koog's counry parks causes derimental impacts on
the resource componen$ drat consdtute the very en-
vironment to which visitors a-re att.racted. Fire, tram-
pliug, littering and vandalism have major adve$e im-
pacts (Jim, 1986). These problems a,re further exac-
erbated by the uneven pattems ofparonage. botb spa-
tially and temporally (Jirn, 1989).

Trails (fooeadls) are the main travel arteries
withir) Hong Koug's country parks ard many of tiese
wcre cre.rted by villagers for convenience rather than
with rccreation or resource protection iu mind. Miny
()f these have dcgraded over time bccause ol prmr inr-

tial siting, recreadooal overuse and a lack o[ mainte -
nance. TIre degrudation of such tra.ils reprcsenN a
depledon of a non-reoewable resource and a tailurc
to maintain dle cha,racter of an area. They are arr
eyesore, are unsafe, and are costly to repair Erosionill
material trom rail reads can also be a signiticlutt
souce of sedimeDt which may cause adverse effecls
on aquatic lite. Whilst aspecB of trail degradation
have been mendoned recurrendy in Hong Kong, dtere
remains a lack ofpublisbcd objective informarion that
unfonunalely precludes aIy sysrcmadc evaluation of
dre severity of tle problem. ThiS article theretbre ar-
tempts to chancterise the exrcnt and forms of degra-
dadon ofrails within tie Par Sin Leng Counfiy Park
in Hong Kong as an example of how earth sciendsts.
particularly geomorphologists. car contribute to en-
vironmenial managemenl.

Study Area
This study focuses on the degradation ot rails

(compaction, widening, incision, erosion and rnulti-
ple treadsi as defioed by Leung and N1arion, in press)
along the Pat Sin Range in rbe Ne,r'Terrirorics ot
Hong Kong (Figure i). This is one of the most popu-
lar biking routcs in the Tcrriton hccause ol dtc r)ul-
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Figurc I; Location oI the Pat Sin Range Trail.
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stilnding panoranic views. Thc counry park t'eatures

iln OscarpmeDt dm.natically sing trom the northwest

shores of Tolo Harbour. The rail traverses a number

ot ridges and provides a varicty of reliet, tiom levcl

p$ses to sreep slopcs. The Lotal lengtll of tle rail is

eiglrt kilometres, r-hough this study focused on the

six kilomclres from l{sien Ku Fung to Ping Fung Shan
(Figure l).

The Pat Sin Ralge area is u[derlain by botb

\'olcanic rocks (coarsc ash crystalline tuf0 at Pat Sin

Leng and sedirnentary rocks (conglomeratcs, sand-

sLoucs ar)d siltstolles) west ofLei Pek Shan. Weadr-

cring iias proceeded more intensely on dte vdcanic
rocks leading to a more developed red-yeilow podsol,

ts opposed to tIe skeletal litiosols typical of the sedi-
urentary areas (GCO, 1988). Vegetation is domilrated
hy Rhadamyrt t ts totnentosa alnd ArundineLLa
nepulensis on the volcaric rocks, whilst on the sedi-
rncntary rocks vegetation is characorised'by Baeckea

fi1ne.\cetr.\, Dicranopturis dicholo n awJ Lepidrt-
spenna thinensis.

Nlethods
A post-impacL cross-sectional rcsearcil ap-

prouch wrs hy Decessity adopted. At systcmatically
seiccted sample sites aloDg dre trail ( 100 metre i l l lcr-
vals), degradation indicator vffiilbles were mersurcd
sirnuilureously on the trail and at adjacent oti-trail
corlrol si[es. Degradation indicators d)at were mcas-
ured included perleration resistarce (absolute and
felativc cil? lgcs). Lrail ororphology (width, ir lcision,
tbrm). trail surface (roughncss, cover) arld tl le pres-
cncc of nlult iple trails. Various site condidon vari-
i ihLcs were also rneasured: fail and rcrrain siopes,
uspect. position, underlying marcirls, texturd char-
rtctcristics, aggregirtc strrbility, pH and organic car-
bon. Of dle 58 si nple sies 23 were located on rocks
of volcuric ori lr in. Furtlter denils on tlte mc$ods
lurld proccdurcs employed are available in Leung
(  r992).

Degradation Condition
There was considerable variability in width

rloug thc Lrail, trom a 34 cn single read at Ping Fung
SLlan, to ti lc cornbined multi-treads of the Par Siu
Riuge (toti widdr of 670 cm). Whilst stdctly com-
p?Irlble dan (similar usage, reliet, geology and so on)
tiorn elsewhere were lacking, thc avcrage tread widtlr
of 100 cur along tlle P:lt Sir Trail appears to be unu-
suillly wide whell colnpared to a viuiety of oder stud-
ies (Table 1). Forex? nple, dre maximum &oad widtir
spccified by various forest serv'ice deparunents rargcs
bLtween 6l and 70 cm (Lucrs, 1984: Cole, 1987). Al-
tliougb the Pat Sir Rarge Triril i.s not tbrested. dris
rrvcrage figure sti l l  appears unusually higb. This
sLlould be a matter ofcolcenl for resource managets,
as lhe trdl crisscrosses open grasslard, causing visual
irritation to recreatiotralists aod exposing bare ground
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tbr soil erosion.
In contrast, the average incision dcptll abng

the Pat Sin Range Trail is not as great as that experi-

enced in other countries (Table 1). lncision depth
ranges bctween 0 and 26 cm widr an average of 3 cm.
whilst there are no published guidelines on accept-
able incisjou depths, comparisons with criteria used
by other researchers to classiiy traiis (Bayfield and
Lloyd, 1973: Bratton et al., 1979; Cole, 1983a) as ei-
ther good or poor, reveal that incision depths along
the Pat Sin Range Trail are generally good. Incised
rerd surlaces can iunctior as rills and small gullies
within which Uows:re channelled. Therefbre shal-
low incision depths are desirable.

Multiple reads. or secondar"v padls, are a tbrnr
of trail widening and zrc esseDtially caused by eithcr
actual or perccived dificulties of wil lking. At onlv
tive of the sample sitcs (8.6qo) did more tlan one lrcad
exist and only at onc of rese sites were iliere more
dlaD trvo treads. The lack of multiple feading on Lhc
Par Sin Range Trai l  can be at t r ibuted to steep
sideslopes which discoumge llikers tiorn wandcring
off the establislled trail tread.

Thc mcan penetration rcsist?rnce recorded at
seven locaLions rcross each of tbe 58 rail samples
(Figure 2) illusrarcs Iat there were iew dificrenccs
amongst $e otl--lrail sies, and iew diflbrences zrmoogst
the trail read sites. bul that there were major dilfbr-
euces between fail read and otl.trail sites. Thissug-
gesls tjlat once tlle rail has been esLlblished ard read-
iiy idcntitled by hikers, compacdorl impact remains
localised to tlle tread surfaces. Tbe absolute cornpac-
don levels are not readily cornpil,rable widl da&t liom
other studies (due to dilfering measuremcnt techniques
and soil cha.racter) so t-bey were converted to rel?iLivc
changes iu peneradolr resistaDce betwecll t1r9 trail
artd tie surrounding area. Comparisols with n viui
ety of ot.her studies tiom dill-ering environments wirhin
dre USA (Tabie 2) revealed that there is orly I snall
relative rise in compaction along tlris trail, and that
this probably rcflecls the reladvely high pe erarion
rcsistance of the natural soils.

627. of le sircs along tie Pat Sin Rarge were
catcgorised ils very stouy to extremely stony, tlough
there were clear differences between volcuric and sedi-
menhry terrains. 6590 oidle sarnple sircs \I,itllul the
volcanic terrain wero categorised as moderately ston),
whereas 80% of the sanple sites in dre sedimenuir-v
terain were classified as very Lo extremely stouy.

Additionat evidence of degradation wlLS ob-
seryed in the tleld, including tworutted trail segineDLs
that tbrced hikers |o walk either sidc of t.he irail, largo
bare prtches at trdl junctions (group resting places:
Figure 3), stony outwash deposiLs on steeper skrpe scg-
ments that induced oft-trail wandering (due to un-
pleasrult trcad surt:rce) aud occilsional intormiri short,
cut tra segmen$.

Al rough tfie ?tbove summarv providcs vi u

l
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l :rhl. L C{'nrpansoD {)t dre results ol trail degradation studics in dif lercnt cnlirollmcnls

Location Number
01 Sircs

Average
Tread
Width (cn)

AvcftWe
Deptb (cm)

Averagc Cross
Maximum Section
Deptl (cm) Area (cm'?)

Data
Sourcc

Poor trails
i r  GSNtNPI

Good lrails
in CSMNP

Baone nan's
Hul P tll

E:rstern
USA

Eastcrn
USA

South
Aliica

Soudr
Africa

Sou th
Africa

Eastcrl
USA

Arctic
Canada

H0n-c
Koug

l0 l -113 7 .4-i .7

1.2-2.3

l5
t3l

o. /
(0.71)

Bratton
ct al .  (  1979)

Bratton
er a]  (1979)

Carland
et al .  (  198j  )

Garland
er al .  (  1985)

G:lrlxnd
er al .  (1985)

B urdc &
Renlro (  1986l

414

NA

NA

16Gilinl 's
Ridge Patlr

Cortour'
P;rth

Appalachian
Tra i l

Pangnir tung
P:rss

Big Crcek
Trail in
sBwlvl

Pat S iD
llanre Trail

62.4

49.9

18.0

t6.1

12..5

li2

-5,1

31?.3

NA

76.5 6.4
(2.06) (0.29)

2-5 28.1 NA

1155

I43l

Welch &
Churchill
(1986)

Colc (1991 )

333.4 Leung (1992)
(  73.38 )

Wcstcrn
USA

8l
tel

99 .8 3.3
(11.39) (0.-16)

N-otc: (l ls.) = sta|dlrd cror; Jfig.l = 95% confidence interval: NA = not available

'GSM\NP - Grcat Srnok) Mouuuin National Park
: StsWW , S cl lvav-B ilrerroot Wilden)ess

irhlc inlorrnalion. it would neverthelcss bc useful in
tllc ilssessment ol trail dcgradatiort if pzrk managers
u'crc pro\ridcd \a,itll an indcx tlat rellecF tle overall
lc\,cl ol dcgradation indicated by l.hese pararneters.
This i ldcx could also i lssist in identi lying rolation-
bhips l)ctwecn dcgradation and cnvironmental si€
lactors. Altln)u-qh an rntegrated index is not new in
rcereationi impact rcscarch, pil'ticul:rly will1 camp-
sitc srudics (Marion, 198(t- therc has been litt le at-
rernpt to producc an indcx for trail dcgradadon. In
this studl' t lrc z-scoro slandardization method was
uscd- $,hc.cby tlrc z scores lbr tread width. maximum
iocisiou depih, cross-sectional area and muldplc tread-
ing werc comnutcd and lhen summed il l to a single
ir(lcx. llere rclbrrcd to ils the DegradaUon Score.

Tl)c rncans of the z scores tbr cach paramercr
\\,crc ol coursc zcro wiLh a standiLrd deviation ol one.

Wlren lJlese parameters were combined into a single
Ialue lhe mffm of tlris newly lbrmed Dcgradarion
Score remained unchanged. hut the median changcd
to -0.15. indicating that the maionry ol sircs had be-
1o[, avcrage Degradation Scores ard t.hat cxccption-
ally high Degradation Scorcs were limited [o only a
few sites. Altogcther 67qc of ttle sites bad Degrada-
tion Scores less tlan zero a\ld 33o/a had Degradation
Scorcs greater dran z-cro. These larcr siles can lllus
be classified :Ls 'dcsraded' on $e basis tllat $c vari-
ablcs represeDting bare ground. rutting and crosion
are above averagc, tiough tiom a managcmenl poinr
ol view dley need not be of immediate conccn. Tlre
relationship between $ese de!:raded sites and dle en-
vironmental sitc condil.ions can now be exatnined in
nlore dctail.
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Figurc 2 - Mean penetration resistance (1 I standard error) on and beside the tread of Pat Sin Range Trail.

Table 2: Reladve changes of penetation resistance rcported in recreation impact studies (using pocket
oene trometers )

Needleleaf Trail
Forest

Oak Forest Picnic Site

Subalpine Campsite
Forest

Needleleaf Campsite
Forest

Desert Campsite
Woodland

Subffopical Trail
Grassland

0.24

1.25

2.20

1.40

0.70

4.2?

14.1'7

r.44

0.71

1.64

3.37

1.09

Ward and Berg
(1973)

Brown et al.
(19'17)

Cole (1983b)

Madon and
Meniam (1985)

Cole ( 1986)

Irung (1992)

Locadon Average Penetration Relative
of ImDact Resistance at Coutrol Increase

Michigan
USA

Rhode Is.
USA

Montana
USA

Minnesota
USA

Arizona
USA

Hong Kong

' The ittcrease in penetration resistance at the impact zone relative to its nearby undisturbed control sire.
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Filut -t - Eiensive soil loss at u trail junction on Ping Frotg Shan.

Relationship between Degradation and Site Con-
ditions
(a) Geological and soil factors

TIle influcnce of parent material was quite lim-
itcd in dlis study arca dcspitc lwo conrasfng undcr-
l\ ing malerials. Firstly- dlcre was litt le diffcrence in
thc degree oJ degradation betwecn (he two maior rock
(r"pes- 30% of tl)c volcalic rock siLcs were classified
as dcgraded as opposed to 349c of lhe volcanic rock
sites. Similarly. $ere was litdc reladonsbip hetween
soil propertics. such as aggregate sability and clay
rlrt io. zrnd tl lc dcgree of degradation. This suggesfs
that $llilst drcsc soil paraneters might b{r useful in-
dieators for estirnatiDg $e suscepdbility of agricul-
rural soils rc crosion. tbey ma)'be ineffective as indi-
cators ol trail degradation in which ri l l- and gully-
l) pc crosional proccsses are important components.

Tread compacLion on tlle other hand does b&[
s()rnc rclalionship to organic matter content ar)d to a
lcsscr exlent to soil textural cbaracterislics. A sig-
nil icant positive correlation (r=0.38; p<0.01 ) betweerl
0rltanlc rniltter content and pcrcent rncrcasc ln pen-
ctration resisurncc calr be explaiucd by l.he rolc ofor-

Slnie matter in lacilindlg dre absorption of water
rDd prornoting lowcr soil density. bence increasing
th0 susceptibility lo compaction when ramplcd. There
\\,ils elso evidcnce tllat clay loams were less suscepd-
hlc to coml:rction dran wcre k)arns or sand)' loams
(thc pcrconlagc of suclr sitcs cxhibit ing dcgradatioD

being 27,33 and 43 respectively).

(b) Locational Factors
Elevation. zspect. rclief and slope posirion are

attriburcs of location. Of tliese. elevation is often re-
ported as a significant facFr in trail degradarion
(Bratton et al., 1979; Coie, 1987), t lougb iLs intlu-
ence iD this study is negligibie as altitude Yaried little
along the rail.

Aspect call qenerate a set of physiographical
variafons such as soil moisture. soil temperature and
ccosystem t)?e. U)ougli no immediate relationship be,
tween degradation and aspect was observed along drc
Pat Sin Ranse Trail. HOwevcrarr inleresting assocta
dor) was observed wheu geology was included. with
the proponion of degraded sites on westem facing
slopes being double ftat on eastcrn tacinq slopes
within Lhe volcaoics. This association. whilst tnssi-
bly renecdng (Jle dip slopc. is more likely to reflecr
user behaviour. Most hikers approach the llail from
the east (from llsiel) Ku Fung) and easrcrn sbpes were
mainly subject to uphill walking as opposcd ro the
predominantly downward walking on the westenl
slopes. It has heen documented thar dol,nhill u,alk-
,ng is more daflaging to trails (Baylleld, 1973: Weaver
and dale, 197E)

Both trail and terain slopes were measured,
ol whicli trail slopc st.atisdcally corrclaed significiurtly
witl) trail widdr. maximurn ircisi(r), trail cross-sec
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tidlal area. surfacc roughness, trail colnpaction and
tho surnmary Degradatioll Scores within dre volcanic
rock eovironmellts, and with mirrcimum incision deptll
iurd surtace roughness within dre sedimentar_v rock
environments. An example of tJle sort of relaLron-
ships that were derived is provided in Figure 4. Most
ol-tllese relationships can be expiained as a tunction
of dre increased erosion potential (Figure 5), though
fiis does not readily explain the relationship between
trail slope ard trail width. Once again this more prob-
ably rctlccts user behaviour, as tl']e shorter pacc length

Y F lzung and R .l Natler

and halting behaviour ofpeople on srceper slopes has
been obsened to cause considerable damage. Morco-
ver, when taced with tie actual (or perceived) srcep-
ness ofsome slopes, hikers tend io seek the sal-er tooL-
ing of tbc tread grass interlace. This is particularly
pronounced when hikers are looking downwards.

The contrasting observations for lie volcaric
and sedimentary environments a-re partly explained
by the inherently higher suscept.ibility to erosion of
tle volcanic derived sOil. Moreover, the finer texture
of the volcanics would promote slippery conditions

=
rEr)  r t :dJa 6nErxrt{

(,
!

F

3C:: -
r i  bsl  c:ry t ruonr"s.sur:)

Ffuure 1 - ReLationship berueen trail slope antl maximun incision tlepth, and between trail slope afu tread
cro s s- sectianal area, b\/ geo [o 9,.
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\\ llco wct and ellcourage off-trail wardcring behav-
iour o0 steepcr ground-

Trail position is yct another locatiollal tactor
d)at i l |nucnces dcgradation and it has been acnerally
tirscrr cd that dircct ascen t trails (those dut arc aligned
lvitli the hillslope) irc more prone to damage than the
obiiquc or contour rails. At a general level lr is was
i s0 ohscrved alolg tlre Pat Sin Range, tl)ougl) once
alirir) rlore so wi$in tbe volcanic trail sesrncllts. It
is. ho\\,o\'er. difticult to clearly scparate trail position
1r()nl Lrail slope and a bi-sh degree of inter-con clatiorr
bclu,ccn dresc two variablcs is possibie.

i\ l :rtr lgement Implications
Trail degradation. ill il.s lnany fonns, alfecls

hoth lhc qualitv ol llie cnvironmeDt and tlrc recrea'
tiorral cxperiencc. Witlr in t ltc grassy hiU settings of
nullv ol Hong Korl s counlry parks. rails afc clearly
ol)servahlc and dcgradation has an aesthctic inpact

Figure 5 - Rutted truil segntcnr
an stecp slopes Ln thc yicmit\ '

oI Wong lang.

well beyond its imnediate localit)'. PaJk managers
need infOrmatiOn on the status. causal factors and prm,
esses of degradatiolr. ard geomorphologists clearlj'
luvc a role to l l i lv In sucL intcsLisation\

The Pat Stu Rarge tJail is generally in good
condition though severe degradadon was recorded at
a number of sites. As lrail slope was thc single most
usefui predictor of a mnge o( degradation indicators
irrunediate attention should b0 directed towards sreep.
direcl-asceDt rail segments (slopes > 20"), particu-
larly within volcarric settings. Where possiblc, thcsc
trails should be lealigned obliquelv ar sidehill loca-
tions and mainllired in such a $'ay that hikers per,
ceive safe footins. W'ith respcct to practical matage,
mcnt applications it is appaJent Utat tl)e govemment's
cducatioraj 'package' for hikers focuses on the re-
duction of l i tterir)g aId hil l  f ires. with mir)imal atteD-
tion to a responsible 'hiking code' of behaviour tiar
cmphasises lrail maintenancc and off-trail corrduct.
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It is rccornmcndcd 0tat Counlry Park blochurcs xnd
Visitors Ccnrcs should pronlotc this *pect of ettvi-
r r ,n l l lc l lUr l  consei{rusrtcss hy including se(t io l ls  (u i l l -

dividual responsibility tbr trail mainteua|cc and cro-

si(xll l  c(xlrol. Givcrr tJtc rxpidly incrctsing prcssurc

or dre countrysidc this educadolal campaign neOds

to bcgin as soon as possible.
Furtl)cr studies arc also under way. Itt par-

ticuiar a very dctailcd monitoring programnle of Tap

ivlun lslnnd trails is ncarirg completion (Ho, in prep.).

Using a rnicro-proii ler aud sediment tnps, vcry pro-

cisc rnciLsurelncoB ol erosion have been relatcd lo uscr
inrensity. Nevcrdleless. some of le more severely
eroded trails aJe () be lbund in granitic teffains iud
as yct t lere remains l itt le inibrmation on troil de_qra-
dat )0 in d)ese envrronmellts.
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